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of understanding structural evolution of the Pannonian Basin, and of 
other sedimentary basin worldwide. 
3. Cenozoic faulting in the Vértes Hills 
The Vértes Hills are part of the Transdanubian Range (TR) which 
occupied a central position within the Pannonian Basin. The hills un-
derwent the complex faulting evolution which is briefly outlined in 
the previous chapter and on Fig. 1. One way to study the Cenozoic 
deformation is the comparison of mapped faults and the gravity data. 
This is shown on Fig. 2, where the Bouguer anomaly map was placed 
below the fault pattern of the Vértes Hills and surrounding Cenozoic 
basins. As one can see the change in the anomaly map correspond to 
steep faults, and the negative values characterise the basins with Ceno-
zoic sedimentary fill. 
The oldest Cenozoic deformation phase, which was related to sed-
imentation, was the mid-Eocene basin formation. This D6 phase re-
sulted in very gentle folds, namely two basins on the NW and SE 
limbs of the central Vértes ridge, which can be considered as an an-
tiform. In the basins, the successions are thicker and more complete, 
while the central ridge was only inundated during the later part of the 
Eocene sedimentation. Few cross faults were associated with the fold-
ing, for example the Zámoly-bükk Fault (Fig. 2) and the marginal fault 
of the Csákberény graben (Stop 3). 
The mid-to late Oligocene D7 phase resulted in amplification of 
N E - S W trending folds and the formation of the Mór fault (Stop 2, 
Fig. 2). The two major E - trending strike-slip faults are dextral in 
character and Early Miocene in age with occasional Eocene initiation. 
It is possible that these D8 dextral faults are the far-field echo of the 
major shear along the combined PAF-Mid-Hungarian Zone. The con-
jugate sinistral faults can be found near the dextral faults and in the 
Gánt area (Stop 4). 
The syn-rift phase is marked by N W - S E striking normal or nor-
mal-oblique faults, like those in Stop 4. The Mór fault was reactivated 
(Stop 2) and the Eperjes faults accumulated - 2 0 0 m slip. The syn-rift 
phase was disrupted by a short-lived strike-slip phase (D11) between 
12 and 10 Ma. There is no map-scale faults to this phase, but outcrop-
scale reverse and dextral faults can locally be detected (Stop 4). 
The post-rift deformation was surprisingly strong in the Vértes Hills 
and needs explanation. Important grabens and basins were formed at 
both sides of the Vértes Hills. In the eastern side the Zámoly Basin 
was filled up by several hundred meters of post-rift sediments of Late 
Miocene to earliest Pliocene(?) age. The suddenly subsiding basin 
was first accumulated lagunal or lacustrine marls than was filled by 
deltas from the NW. Final stage was marked by fluvial to terrestrial 
sedimentation (Csillag et al., 2008). 
Deformation was coeval with basin-margin faulting, particularly 
along the western margin of the Zámoly Basin and along the Eastern 
Vértes Ridge. Syn-sedimentary character of faulting is based on bore-
hole data, syn-sedimentary dykes and few seismic profiles. Stress data 
indicate E - W to SE-NW extension during this D12 phase (Fodor, 
2008). 
Neotectonic faulting in the Vértes Hills can be demonstrated by 
combined methodology including surface geological and geomorpho-
logical mapping, structural analysis, earthquake monitoring. All these 
data suggest the neotectonic activity of some faults. The Mór Fault 
has a well-known historical seismic activity (Stop 2). Geomorphic 
and structural data also point to faulting along the Mór and nearby 
faults (Fodor, 2008; Fodor et al., 2007). The western margin fault of 
the Eastern Vértes Ridge could have Quaternary slip as revealed by 
geomorphic and borehole data (Stop3). Finally, the southern fault of 
the Felcsút ridge could be reactivated as reverse fault during the Qua-
ternary. This slip changed the drainage pattern (Fodor et al. 2005). 
4. Excursion stops 
Stop 1. Várgesztes, castle. Panoramic view to Early 
Miocene dextral and sinistral fault, pull-apart depress-
i o n s 
47°28'4.34"N, 18°23'45.78"E 
The top of the castle permits a panoramic view in several directions, 
and shows the general tectonic-morphological expression of the Ceno-
zoic deformations in the central Vértes Hills. The main structure is 
the Várgesztes strike-slip fault which cut across the Vértes Hills in E -
W direction. The fault has dextral separation as pointed out by the 
fault pattern, regional stress field evolution and displacement markers 
(Gyalog, 1992; Fodor, 2008). These latters are the displaced formation 
boundaries within the Triassic rocks and the basal Eocene unconfor-
mity (Fig. 3). The dextral slip was associated with the formation of 
small pull-apart depressions. These contained subsided packages of 
late Oligocene elastics which were encountered by shallow boreholes 
(Gyalog, 1992; Fodor et al., 2008). Because most of this soft sediment 
was eroded, the pull-apart depressions are present as a series of narrow 
valleys: one is just south from the castle hill. 
Looking to the north, the morphological depression below 
Várgesztes village is bounded by faults or folds on each sides. The 
small depression was born in the Eocene, when the NW margin was 
gently folded and isolated a marginal marine lagoon from the open 
sea. After the Eocene and late Oligocene sedimentation, the north-
eastern margin was cut by a N W - S E trending sinistral strike-slip fault 
which runs at the foot of rocky Eocene limestone cliffs. Finally, the 
SW margin is bounded by a Miocene normal fault. 
Stop 2. Csókakő, quarry and castle 
Quarry: 47° 21' 31.91" N,18° 16' 44.98" E 
Castle: 47° 21' 37.12" N,18° 16' 37.97" E 
The Vértes Hills are limited by a major fault on their south-western 
side, called here as Mór Fault (Fig. 4). The curved, slightly segmented 
fault zone is expressed in the morphology as a steep slope of 100-
250m height. The total displacement of the fault can reach 1000-
1200m, taking into account borehole and seismic reflection data. The 
fault forms the NE boundary of the Mór graben (Fig. 2., 4). The fault 
has two closely spaced segments, which have different evolutions. 
The timing of slip events can be determined using combined data sets 
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Várgesztes Strike-slip Fault 
j rnoi j deltaic to shallow marine clastics (Mány Fm.) 
^ ^ shallow marine nummulitic limestone 
äE, ] shallow marine biodastic limestone (Szőc Fm.) 
] red calcite vein (Eocene) 
I J platform limestone (Dachstein Fm.) 
transitional beds (Dachstein Fm., Fenyőfő Mb.) 
*T31 Hauptdolomit 
Várgesztes strike-slip fault. Map and structures are after Fodor et al. (2008) and Fodor (2008). 
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Fig. 4. View of the Mor boundary fault from the south. Note deformed denudation surface at the top of the hills. 
Next page: Fig. 5. Structures near the castle hill and quarry of Csókakő. A) View from SE. B) Sketch explaining the possible slip of the Jurassic fault lens. C ) 
fault-slip data from the quarry. D) Fault plane with Cretaceous and Cenozoic faulting events. E) View of the quarry with remnants of Jurassic fault lens. 
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from surface and subsurface sources. The stop will present aspects of 
this evolution. 
The main fault splays surround the rocks exposed just below the 
Csókakő castle (Fig. 5a, d). These rocks are Jurassic in age, which is in 
sharp contrast to the footwall of Upper Triassic dolomite. There are two 
ways to explain the slip of the Jurassic of Csókakő from its original po-
sition; either with a large sinistral slip, or with a normal slip from the 
tilted Mesozoic sequence (Fig. 5b). The measured fault slip data show 
normal or normal-sinistral slip (Fig. 5c) (Kóta 2001). The calculated sep-
aration is around 1.25-1.5 km, much less than the other scenario, a sinis-
tral slip of ca. 3km (Fig. 5b). 
There is an indirect constraint for the timing of this slip from landscape 
evolution. The tilt of the Mesozoic sequence was followed by intense 
denudation during the late Cretaceous, which resulted in closely sub-
horizontal denudation surface, seen anywhere in the top of the Vértes 
Hills (Fig. 4). The fault slip should occur before this event otherwise no 
Jurassic would have remained for normal slip. This is the reason why 
one can place the motion to the Cretaceous D3 phase, between 113 and 
86 Ma (Budai and Fodor 2008). 
Small fragments of Jurassic are also seen in the quarry, in fault contact 
with the footwall Triassic dolomite (Fig. 5d,e). Along the contact a thick 
breccia zone developed which contain large blocks from both sides. The 
cemented tectonic breccia was reactivated during the Cenozoic phases, 
as demonstrated by varying slickenlines. 
The fault at the bottom of the quarry and the castle hill was also reac-
tivated in the Cenozoic. Fault slip data indicate a stress field of closely 
N-S extension and E-W compression. Outcrop-scale syn-sedimentary 
faults were observed close to the fault (Budai and Fodor 2008). 
A composite seismic reflection profile clearly depicts the Mór Fault 
along its north-western strand (Fig. 6). In the hanging wall the pre-Ceno-
zoic base can be placed along a prominent reflection at 700 ms two-way-
travel time. The overlying sediment package is mostly Oligocene, it is 
penetrated by the Mór M-3 borehole, and it represents an 800 m or 1000 
m thickness up to the datum plane (i.e. 50 m above sea level). There is 
also another 100-150 m package which was located above the datum 
line, up to the top of the hill in the footwall. In this way the total thickness 
of the Oligocene in the deepest part of the basin may be estimated as be-
tween 1000-1200 m. This very thick package was partly deposited dur-
S I V 
ing syn-sedimentary activity of the Mór Fault, partly due to regional sub-
sidence in compressional stress field (D7 phase). 
The fault was reactivated during the syn-rift phase of the Pannonian 
Basin. During this phase, a dip-slip normal faulting occurred. However, 
no syn-rift sediments were preserved on the hanging wall block. Finally, 
the last movement was a dextral-normal movement, which could occur 
in the late Miocene or during the neotectonic phase (D12 or D13 phases). 
The Mór fault was the potential source of the historic Mór earthquakes 
in 1810, with 5.4 on the Richter scale. The earthquake was investigated 
by scientists of the royal government. They published the map which 
showed for the first time the isoseismal lines of the earthquake (locations 
with the same damage) (Kitaibel and Tomcsányi, 1814). In our recent 
investigations Fodor et al. (2007) found several small arguments sup-
porting the neotectonic activity of the area: diverted creeks, tectonically 
induced gelisolifluction structures, slump folds, fractured pebbles (data 
of A. Tokarski, A. Swierczewska). All these data suggests that the Mór 
fault is active. 
Stop 3. Csákberény, Lőállás Hill: Basin-margin fault, 
neotectonic features 
47° 20' 52.1484" N,18° 20' 21.6096" E 
A viewpoint south of Csákberény permits to study a Paleogene-
Miocene fault and a neotectonically reactivated fault. The older fault 
bounds the Lóállási Hill to the SW and strike NW-SE. The fault has a 
clear morphological expression in the field, in the form of a 20-30m high 
steep slope at the SW side of the Eastern Vértes Ridge. 
On the SW hanging wall of this fault a Paleogene succession fills the 
Csákberény graben (Fig. 7). The boundary fault has been encountered by 
the Csákberény Csb-83 borehole. While the base of the late Miocene 
(Pannonian) was slightly deformed, the Oligocene shows large displace-
ment (ca. 500m). A smaller, parallel normal fault can be postulated along 
the SW margin of the trough, while E - W striking faults bound the trough 
in its northern end (Fig. 2). 
A seismic reflection profile also crosses the graben (Fig. 7). Surface 
observations and boreholes are in good agreement with the interpreted 
NE 
Fig. 6. Seismic reflection profile across the Mor graben boundary fault (after Fodor 2008). 
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Fig. 7. Seismic profile across the Csákberény graben. 
profile, which shows a major boundary fault on the NE and a very small 
fault on the SW side of the Csakbereny graben. 
This combined data set shows good agreement between surface and 
subsurface data and points to their strengths and complementary character. 
Surface data helps to characterise the fault kinematics and map view: on 
the basis of the stress-field data these faults could be a normal fault with 
a dextral oblique-slip tendency toward the northern fault termination 
(Fodor 2008) (Fig. 2). On the other hand, the seismic data shows more 
detail for the graben filling: it is asymmetric, dipping toward the main 
NE boundary fault, and shows wedge-shape geometry of basin filling 
Eocene sediments (Fig. 7). These observations suggest that fault slip 
started in the Eocene and reactivated after the Oligocene; a conclusion 
which is hard to get only from surface or point-type subsurface data (bore-
holes). On the other hand, borehole data suggest a small, 20m displace-
ment which affected the late Miocene basin fill; this shallow part is not 
imaged on seismic profile. 
Demonstration of neotectonic structural element of the Pannonian 
Basin needs the use of both subsurface data (e.g. seismic reflection pro-
files, boreholes) and surface data, like morphotectonic indices, geological 
maps. Neotectonic analysis involves the understanding of the past land-
scape-forming processes, denudation events, drainage network evolution 
and the "pre-neotectonic" geological structure. Undoubted verification 
of neotectonic structural elements in the Vértes Hills is quite difficult but, 
in the some cases, we can suggest the existence of such structures; Stop 
3 shows such an example. 
North of Csákberény, near the Bucka and Lóállási Hills, borehole data 
and the drainage pattern help to demonstrate the neotectonic activity of 
the western fault of the Eastern Vértes Ridge, named here as Bucka Fault 
(Fig. 8). The fault displaces the pre-late Miocene denudation surface, 
which is exposed in the SE footwall and buried with late Miocene sedi-
ments in the NW hanging wall (Fig. 8). In the hanging wall, above the 
Miocene several boreholes and electric resistivity curves suggest the pres-
ence of buried Quaternary valleys with a more than 10 m-thick infilling. 
The bottom surface of these valley fills is lower than the bottom of the 
valleys exposed in the eastern footwall block. These dry valleys start right 
at the fault and thus it can be assumed that their former north-western up-
stream sections should have existed (Fig. 8b). It is presumed that the filled, 
buried valleys in the north-western hanging wall were the continuation 
of the dry valleys (wind gaps) of the footwall in the east. The valleys were 
disrupted into a dry south-eastern and a buried north-western segment by 
the neotectonic reactivation of the Bucka boundary fault. Subsidence re-
sulted in an endorheic (closed) small depression in the hanging wall. The 
motion could be Quaternary and with normal kinematics, although direct 
data are lacking. Fractured pebbles occurring within the proluvium of a 
nearby valley (Horog-völgy) could be connected to this Quaternary 
deformation (Fodor et al. 2007). 
endorheic depression surfaces downfaulted to W 
southward lowering wind gaps. 
D13 normal fault 
(4-0 Ma) 
surfaces downfaulted to W 
Fig. 8. Morphotectonic signs for Quaternary activity of the western boundary fault of the Eastern Vertes Ridge. A) View to SE from Stop 4 (after Budai and 
Fodor, 2008). B) Wind gaps (dry valleys) in the footwall of the Bucka Fault, looking to the west. 
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Stop 4. Gant open pit mines: Miocene strike-slip 
faults, oblique-slip normal faults, relay ramps 
Site A: 47° 22' 25.5252" N,18° 23' 0.6612" E; 
Site B: 47° 21' 55.03" N,18° 22' 58.79" E 
The Gant bauxite open pit mine area is an excellent site to study 
fault geometry, including various types of fault segmentation. Fine 
details of fault planes can be seen because of excellent outcrop con-
ditions. Part of the faults moved only in one tectonic phase, while oth-
ers exhibit the signs of several fault slip events with varying 
kinematics. Both information are important for structural analysis and 
can get relatively easily in the field. 
The Gant bauxite mines are bounded by E - W and N W - S E faults 
(Fig. 9). The major characteristics that they are consisted of en echelon 
segments. An excellent example of multiple overstepping en echelon 
faults is the fault array between the Harasztos and Új feltárás mines, 
where the distance between the fault segments is 100m-200m (Fig. 
9). Blocks between segments were tilted and fo rm classical relay 
ramps in the sense of Peacock and Sanderson (1994). Connecting fault 
splays are not continuous between the overlapping segments which 
mean "soft linkage". 
The Museum Fault below the mining museum represents a small-
scale en echelon fault array, where the distance between segments is 
only a few metres (Fig. 13). Here the relay ramp has been breached 
by connecting linkage faults (i.e. "hard-linkage"). As a consequence, 
the slips on the connected segments are not independent of each other 
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Fig. 9. Pre-Quatemary geological map of the Gant mining area (after Fodor, 2007 Budai and Fodor, 2008) 
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Fig. 10. Map and view of the Angerret mine strike-slip fault 
(Fodor 2007); this is difficult to fit into the regional evolution of the 
stress field. 
In the lower level of the Anger-ret mine "hard-linked" and "soft-
linked" strike-slip segments consist of a sinistral fault array. This fault 
preserves the regional fault geometry and was not reactivated during 
later phases. 
Most of these faults have a normal slip component and show a tran-
sition towards an oblique-slip fault (Fig. 9). 
Site A (Anger-rét open pit mine) 
The fault zone of the Anger-rét open pit mine (site A) is composed 
of NW-trending en echelon segments. The dominant dip direction is 
to the SW and slickenside rake is constant, ranging from 10° to 35° 
to the SE. Individual segments are 10-40 m in length with spacing of 
1-8 m, while the complete fault array is exposed along -200 m (Fig. 
10). Fault sense criteria like well-developed Riedel fractures (Fig. 
10c), displaced fragments at the end of grooves, shaded ridges behind 
clasts indicate sinistral slip. 
Overlap of fault segments may reach 1-10 m. In some cases more 
than two fault segments show oversteps, a feature that can be called 
'multiple overstep'. Part of the covered stepovers may represent soft-
linked or partially breached strike-slip relay ramps. Few exposed ex-
amples of segment linkage occur in the SE end of the fault array (Fig. 
lOd). Connecting fault splays are curved and gradually curve into 
Fig. 11. Three generations of slip on the fault plane of the Meleges open pit 
mine (Márton and Fodor, 2003). 
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main fault planes, forming continuous sinuous or slightly zigzag fault 
geometry. Stepovers have widths of l -3m and are dissected by several 
connecting faults, which resulted in brecciation (Fig. lOd). The dense 
network of fractures and the connecting faults resulted in the tilt of 
the formerly sub-horizontal basal surface of the bauxite. 
The dominant strike-slip character of the faults, the tilt of a formerly 
horizontal reference layer would suggest the presence of a strike-slip 
relay ramp. To differentiate from the contractional strike-slip relay 
ramp of Peacock and Sanderson (1995) the structure can be termed 
as transtensional relay ramp. The strike-slip segments are hard-linked 
and connected by an upper-ramp breach (Crider 2001). 
From the footwall, the next fault plane can be seen toward the NE 
(Fig. 11). Here three generation of slip can be seen: a first, normal-
sinistral slip, probably of Early Miocene age; a second dip-slip, which 
can be correlated with the rifting phase of the Pannonian Basin ( 1 9 -
14 Ma), then a dextral-normal slip, which can occur during the second 
rifting phase or during the post-rift phase (D10:14-12 or D12 : l l - 4 
Ma). 
Fig. 12. Miocene and Eocene faults in the Gánt open pit bauxite mines. A) View of the southern boundary fault. B) Eocene and post-Eocene slip along the 
southern boundary fault of the Bagoly-hegy open pit mine. C) Riedel shears as kinematic indicators along the fault plane. 
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Site B (Bagoly Hill southern fault) 
An E-W to ENE-WSW trending fault occurs at the southern part 
of the pit (Fig. 12). Here the fault plane is continuous but curved. 
Rakes of oblique slickensides change gradually corresponding to 
changing fault strike. Riedel shears, dragged clasts, large grooves with 
clasts at their end can be seen along the main fault plane (Fig. 12c). 
All features suggest dextral-normal slip. A straight fault cut across the 
arc of the curved fault. 
A particularity of this site is the deformation of the Eocene bauxite 
and related ferruginous crust. The ferruginous crust between the baux-
ite and overlying dolomite was formed during the initial middle 
Eocene marine transgression, just after the deposition of the bauxite 
(German-Heins 1994) (ca. 42 Ma). This crust covers the higher parts 
of the southern major fault plane, which should have existed already 
before the encrustation (Fig. 12b). Consequently, fault activity started 
before the marine Eocene transgression, during or close to the depo-
sition of the Eocene bauxite (Mindszenty and Fodor 2002). Small syn-
sedimentary faults, pelitomorph bauxite dykes are other direct 
evidence of faulting (Mindszenty et al. 1989). A slump fold occur just 
above the fault plane, which could form due to fault slip (Mindszenty 
2010). 
After the deposition of the Eocene sequence, possibly in the Early 
Miocene, the fault was reactivated: the observed slickenlines corre-
spond to this phase of deformation. During this phase of movement, 
the crust itself was deformed, dragged along the fault. Fragments of 
crust often occur as striating objects or are part of fault breccia. 
The fault offers evidence of intense fluid flow. First, the fault zone 
is cemented in 10-20cm thickness. On the other hand, the footwall 
dolomite has been powdered just behind the cemented fault zone (Fig. 
12). The two alterations (cementation and bleaching) induced a dra-
matic change in conductivity just within lm around the fault zone. 
Site M (Museum fault) 
The E-W striking Museum Fault array is exposed along 150m 
below the mining museum. It was first described in an unpublished 
MSc thesis (Almasi 1993) then more in detail in Fodor (2007) and 
Fodor (2008). The fault array is composed of overlapping fault seg-
ments. Individual fault segments are 15-100m long, quite linear (Fig. 
13). Faults are subvertical to steeply south-dipping, although local un-
dulations with northerly dip exist. 
The main faults have slickenlines with rakes of 20° and 30°. Kine-
matic indicators demonstrate normal-dextral sense of slip (Almasi 
1993). Considerable dip-slip component of displacement resulted in 
staircase lowering positions of the basal Cenozoic discordance sur-
face. Several overstepping faults occur in the hanging wall of the 
northern fault segment. The particularity of the site is the connection 
of some segments near the quarry level, which are overstepping with 
overlaps of 4 -8 m (Fig. 13) and are completely exposed. 
The main subvertical faults bound 3-6 m wide transtensional relay 
ramps, which are strongly deformed (Fig. 13c). Relay ramps are cut 
through by one major connecting fault splay, which forms hard link-
age between fault segments (Almasi 1993). Other connecting faults 
have strikes of 30-70° (up to 90°) clockwise from the main strike-slip 
segments. Dip degree varies from 60-40°, but locally can be 30°. Dip 
and strike vary systematically with respect to main faults; larger the 
strike deviations shallower the dip angle. 
Connecting faults have oblique dextral-normal or pure normal kine-
matics. The ratio of dip-slip and strike-slip components varies with 
connecting fault strike, with larger strike deviation associates with 
smaller rake. Intersection lines of the main fault with individual con-
necting splays are close to the orientations of striations on secondary 
faults. However, a small angular difference (up to 15 °) can be ob-
served between fault intersection line and striae of main faults (Fig. 
13d). 
Observations permitted to suggest a simple geometrical model for 
transtensional relay ramps (Fodor 2007). Assuming rigid footwall and 
hanging wall blocks, an ideal single connecting fault would intersect 
the main fault parallel to its striae (slip direction) (Fig. 14b, c). Slip 
on the combined zigzag shaped fault prevents further propagation of 
the main fault, thus the further increase of the overlap; the structure 
resembles to a double-bended fault more than to a true relay ramp. 
The steepness of connecting faults will depend on the rake of the main 
fault and on the strike difference between the main and connecting 
faults; the larger this strike difference, the lower dip angle has the con-
necting fault (Fig. 14c). The rake of slickenlines on the connecting 
faults will change similarly; the lowest angle fault has pure dip-slip 
striae, and this fault will deviate in strike the most from the main fault. 
A more complex model incorporates several connecting faults. In 
this case, the connecting faults show a smaller total horizontal com-
ponent of slip with respect to an ideal single connecting fault, meaning 
a 'deficit in extension' across the relay ramp. The necessary additional 
extensional deformation can be accommodated by brecciation and 
veins (Fig. 14d). 
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Fig. 13. V i e w and schemat i c m a p o f the M u s e u m Faul t , nor thern b o u n d a r y f au l t o f the B a g o l y - h e g y o p e n pi t m i n e ( a f t e r Fodor , 2 0 0 7 ; B u d a i a n d F o d o r , 2 0 0 8 ) . 
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Fig. 14. Model for fault system in strike-slip relay ramps (Fodor, 2007. modified). A) Transtensional relay ramp in map view. B) Relay ramp model with one 
connecting fault. C) Stereogram of main and possible connecting faults. D) Relay ramp model with several connecting fault. 
Stop 5. Csakvar, Kolik-volgy (Kolik Valley) 
47° 23' 45.3984" N,18° 26' 39.1416" E 
The eastern margin of the Vertes Hills represents one of the most 
spectacular morphological scarps of the Transdanubian Range. The 
mountain range scarp is consisted of N-S, NNE-SSW and NW-SE to 
WNW-ESE trending segments (Fodor et al. 2008). All morphological 
scarps correspond to eroded Miocene or younger faults (Csillag et al. 
2002, Budai and Fodor 2008) (Fig. 2). The maximal vertical displace-
ment could be 400-600m. The Eastern Vértes Fault zone bounds the 
Eastern Vértes Ridge, consisted of Triassic dolomite and Eocene 
cover. On the western side of this ridge, another fault zone bounds the 
Gánt Depression (Fig. 2). On the other hand, the Eastern Vértes Fault 
Zone and the Felcsút Ridge bound the Csákvár-Zámoly Basin. This 
s t rong brecciation, veins 
intersection 
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rhombohedral basin can have transtensional origin, as suggested by 
its geometry and the stress field data (Budai and Fodor 2008). Fault 
kinematics can be estimated using some outcrop-scale fault-slip data 
suggesting E-W tension and locally N-S compression (normal and 
strike-slip type deformation, respectively). 
The relative chronology of the four fault sets is not clear. Cross-
cutting relationships suggest that they are coeval. The faults segments 
are overlapping and show variable displacement, as can be seen near 
Csákvár (Fig. 2, 15). The fault deformed and tilted a pre-Late Miocene 
denudation surface in the footwall block. Due to this footwall defor-
mation, the morphological slope has variable height: this correspond 
the displacement of the fault underlying the slope. The Csákvár seg-
ment of the Eastern Vértes Boundary Fault is important because it 
makes possible to verify the syn-sedimentary nature of the fault. After 
faulting increments, the fault plane changed to an eroded fault scarp. 
Finally, the fault scarps were covered by late Miocene abrasional con-
glomerate and breccia (Fig. 15b,c). While the gravels, conglomerates 
occur at the mid-slope, breccias occupy the higher part of the slope. 
Maximum lake level possibly reached this transitional zone. The 
eroded and covered fault scarp indicates late Miocene formation of 
the boundary fault system. The evidence for syn-sedimentary motions 
is also supported by the presence of fissure fillings and sedimentary 
dykes filled with sandstone and dolomite silt (Csillag et al. 2002) (Fig. 
15c). 
Cross-sections and seismic sections clearly indicate that certain seg-
ments were active during the late Middle and Late Miocene sedimen-
tation. The sediment thickness of the Late Miocene claymarl changes 
considerably between boreholes Csv-22 and Csa-1, Csv-23a (Fig. 
16). This fault has had no effect on the youngest formation and it was 
active before the late Miocene. On the other hand, the fault segment 
between the boreholes Csv-22 and - 2 1 deform the youngest forma-
tion and thus it was still active at least in the early(?) Pliocene. The 
basin margin fault equally has late Miocene synsedimentary activity, 
as revealed by the eroded and covered scarp. Finally, the oldest motion 
occurred in the late Middle Miocene, when a clastic wedge was de-
posited along the fault between the boreholes Csv-22 and Csa-1, 
Csv-23a (Fig. 16). The section suggests that fault activity was more 
tilted denudation surface (pre-11 Ma) 
Kotló Hill 
Fig. 15. Late Miocene structures and sediments along the western margin of the Zámoly Basin. A) View of the Eastern Vértes Fault scarp. B) Abrasional con-
glomerate and breccia of late Miocene age covering the eroded fault scarp. C) Late Miocene clastics fill tectonic fissures indicating active deformat ion during 
sedimentation. 
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Fig. 16. Cross section of the Csakvar-Zamoly Basin demonstrating fault activity at different time periods. 
or less continuous from late Middle Miocene up to the Pliocene (from 
14 Ma to 4 Ma) but location of fault slip varied in space. 
This conclusion is supported by surface, borehole and seismic re-
flection data sets. Surface data contribute in fault kinematics, and the 
characterisation of sediments covering the eroded fault scarp. 
The origin of this Late Miocene basin is not clear. In the classical 
conception (Royden and Horváth, 1988) the late Miocene should be 
characterised by post-rift thermal subsidence, which is rather uniform 
and does not really associated with faulting. One possible explanation 
is that the faulting and basin subsidence was still coeval with the final 
thrusting along the East Carapthian thrust front and could be due to 
ongoing roll back of the subducting lithospherc. Although the trigger-
ing process was quite far from the central TR. but new data support 
early Late Miocene faulting in different parts of the eastern Pannonian 
Basin (Mafenco et al. 2012). In this case, the late Miocene faulting 
could represent a renewed rifting activity in a back-arc position. 
The other scenario could be local differential faulting, between the 
uplifting TR and subsidence of deep parts of the Pannonian Basin. 
However, the uplift of the Vértes Hills during the Late Miocene is not 
demonstrated, and the area was covered by at least a shallow lake dur-
ing most of the Late Miocene evolution. On the other hand, the Vértes 
is not located at the margin of deep basin part which underwent large 
subsidence during the late Miocene. The understanding of this Late 
Miocene faulting and basin formation needs more works and consid-
eration of deep lithospheric processes. 
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